Pathogenesis mediated by Shigella jlexneri requires invasion of the gastrointestinal epithelium. It has been previously shown that HeLa cells challenged with S. flexneri show alterations in their phosphotyrosine-containing protein profile. In this report, we demonstrated that bacterial water extracts (WE) abrogated the invasion of HeLa cells by S. flexneri in a dose-dependent manner. ,4 proteinaceous component of S. jlexneri was shown to be responsible for this inhibitory activity.
Introduction
The Gram-negative bacterium, Shigellu jlexneri, is the etiological agent of bacillary dysentery in humans and primates. Critical to the disease process are interactions between the bacterium and the epithelial cell which result in bacterial entry, intracellular residence and multiplication in cells of the colonic epithelium [ 11. Cellular invasion proceeds via an induced uptake mechanism, requiring active par-* Corresponding author. Tel: + 1 (409) 772-4996; Fax: + 1 (409) 772-5065. ticipation by both the bacterium [2- 41 and the host cell or formalin-treated bacteria fail to invade cultured epitbelial cells [zs] . Epithelial cells treated with agents which alter the cytoskeleton, or lead to depolarization of the membrane are refractory to invasion by S. flexneri [2, 4] . More recently, actin polymerization and myosin accumulation has been demonstrated at contact points between the bacterium and the host cells [4] .
A number of genes encoded on a 140-MDa virulence plasmid are required for the invasion of epithelial cells by S. jlexneri [7] . The ipuBCD genes, which encode outer membrane proteins, have been shown to be critical for bacterial uptake into epithe-lial cells and responsible for the induction of actin polymerization at the point of bacterial attachment [8, 9] . Additional studies have shown that IpaB, IpaC and IpaD proteins are secreted from the surface of the bacterium through the action of accessory proteins encoded by the spa and mxi loci [lo,1 I] . The mechanism by which secreted Ipa proteins induce Shigella uptake into epithelial cells remains unknown.
Recently, information has become available which indicates that various host cell signaling processes are activated following interaction with S. jlexneri. The DNA binding activities of NF-KB and other cellular transcription factors are increased within 35 min of challenge of HeLa cells [12] . Alterations in the profiles of tyrosine phosphorylated HeLa cell proteins can be observed within 5 min of S. jlexneri challenge [ 131. Recently, the phosphorylation of cortactin by the cytoskeleton-associated pp60"~"" signaling pathway following challenge of HeLa cells has been reported [ 141. Further, transient overexpression of pp60'+" promoted membrane ruffling and stimulated uptake of non-invasive Shigellu strains [14] . While these studies suggest an important role for host cellular signaling processes in the invasion process, the Shigellu proteins involved and the mechanism by which the signaling mechanism is initiated remains unknown.
Previous studies have shown that water extraction of S. jlexneri releases a number of different highly immunogenic proteins including the IpaB, IpaC, and IpaD proteins [15] . Convalescent sera from infected monkeys and convalescent children have been shown to exhibit a significant immune response to these water extract antigens after oral S. jZexneri challenge [15] . While these studies identified the principle protein antigens which were observed following Shigellu infection, putative biological properties of the proteins present in WE had not been determined. We are interested in S. flexneri proteins which may initiate host cell responses to bacterial challenge. It is likely that at least some of these proteins are associated with the bacterial cell surface. In this study, we use water extraction of intact S. jlexneri as a source of bacterial cell surface components.
In this report, we demonstrated that WE of Shigellu abrogated the invasion of HeLa cells by S. flexneri. The inhibitory activity showed dose-dependent kinetics, did not alter bacterial adherence to the monolayers, and had a protein component necessary for activity. Further, the mechanism of inhibition did not involve loss of bacterial growth or viability. WE did not result in generalized inhibition to cellular entry since infection of WE-treated cells with enveloped and non-enveloped viruses was not affected. The mechanism of WE action may be related to the initiation or disruption of signaling across the host cell membrane.
Materials and methods

Bacteria and cells
SAlOO, an invasive S. flexneri 2A strain, and BS176, a plasmidless strain of S. flexneri have been previously described [16, 17] . S. ji'exneri stains 28, 52, and 95 were derived from SAlOO and harbor TnPhoA insertions in ipuB, ipuC, and uirG respectively. E. coli Y 1090, Sulmonellu typhimurium TML, and Yersiniu enterocoliticu WA have been described previously [ 18, 191 . HeLa cells were grown as monolayers (2 X lo5 cells/well) in 24 well plates or in suspension (8 X lo5 cells/ml) in supplemented RPM1 1640 (5% fetal bovine serum (FBS), 2 mM glutamine, 50 U/ml of penicillin G, 50 kg/ml streptomycin (Pen-Strep)) at 37°C in a 5% CO,-humidified atmosphere. Antibiotic-free medium of the same composition was used to wash cells prior to bacterial challenge. Monkey VERO cells (6 X lo5 cells/ml) and the HEp-2 cells (3 X lo5 cells/ml) were maintained as monolayers in supplemented EMEM (Earles minimal essential medium) 0.22% HCO,, 50 U penicillin and 50 pg streptomycin, and 10% FBS) at 37°C in a 5% CO, humidified atmosphere for the virus inhibition assay.
WE preparations
Water extraction of whole S. flexneri cells was performed as previously described by Oaks et al. [15] . Bacterial strains were grown overnight in Lbroth with vigorous aeration. The cells were harvested by centrifugation (5520 X g, 15 min), and the bacterial pellet was resuspended in 0.1 X volume of distilled water. The bacterial suspension was incuDownloaded from https://academic.oup.com/femspd/article-abstract/15/2-3/149/584740 by guest on 06 November 2018 bated for 2 h with vigorous shaking at 37°C and whole cells were removed from the WE by centrifugation ( 18 200 X g , 2 X 20 min). Prior to lyophilization, the WE was centrifuged at 220000 X g for 1 h. The supematant was lyophilized and stored at -20°C. The protein concentration of WE preparations was 25-35 p,g pmtein/mg of dried lyophilized WE. Protein levels were determined using Coomassie blue binding as described by the manufacturer (BioRad, Hercules, CA).
HeLa cell invasion assay
S. flexneri invasion of HeLa cells was performed as previously described [20] . Prior to S. jlexneri challenge, 24 well plates containing HeLa cell monolayers were treated with 2 mg/well WE (in RPMI) or the concentration noted in the figure legend. The plates were then incubated at 37°C for 15 min prior to challenge with S. jkxneri. Viability of the HeLa cells was not significantly altered by the WE over the time course of the experiment (data not shown).
In some experiments, HeLa cell monolayers were pretreated with WE or Shigella LPS (Sigma, St. Louis, MO; 20 Ii,g/ml) for 15 min prior to challenge. In some experiments, the WE was removed from the wells, and the monolayers were washed with RPM1 prior to bacterial challenge. For Shigella challenge, SAlOO was diluted in RPM1 and 2 X lo6 cfu placed in each well (bacteria:HeLa cell; 2O:l). The plates were incubated for 60 min at 37°C to allow for bacterial entry. Media containing non-internalized bacteria were aspirated from the monolayers followed by 5 X washing (67% Hanks balanced salt solution, 33% RPM1 1640 supplemented with 2% FBS and 100 kg/ml gentamicin). Monolayers were gently agitated for 1 rnin between washes. A final solution of RPM1 supplemented with 100 pg/ml gentamicin and 5% FBS was applied to the monolayers and incubated at 37°C to counter-select non-internalized bacteria. After 90 min, this solution was aspirated from the monolayers, and each well was overlaid with 0.5 ml of 1% agarose in distilled water and 0.5 ml 2 X L-agar. The plates were incubated overnight at 37"C, and the number of infected HeLa cells was determined b,y counting the number of cfu on the bottom of triplicate wells. Results are expressed as average cfu,/well f S.E.
Stability tests
Resistance to digestion by RNase (Sigma, St. Louis, MO) was examined by adding 10 pg/ml of ribonuclease to the WE samples (20 mg). Samples were then incubated for 30 min at 25°C. A similar procedure was used to determine DNase resistance (DNase, 30 kg/ml, Sigma, St. Louis, MO). Appropriate nucleic acids in the same buffer and the enzymes alone were included as controls (data not shown).
Resistance of the activity to digestion with trypsin was determined by adding TPCK-treated trypsin immobilized on DITC glass beads (Sigma, St. Louis, MO). Samples were incubated with 200 mg/ml of beads (trypsin activity: 8400 U/g> for 6 h, and the beads were removed by centrifugation at 15 000 rpm in a microcentrifuge.
Resistance to glycohydrolases was assessed by adding a cocktail of from Flauobacterium meningosepticum (Sigma, St. Louis, MO), 2.1 U/ml neuraminidase from Clostridium perjringens (Sigma, St. Louis, MO) and 49 U/ml a-mannosidase (Sigma, St. Louis, MO) to the samples. The WE samples were incubated for 12-14 h at 37°C then heated to 80°C for 6 min to inactivate the glycohydrolases after treatment. Commercial reagents supplied with the enzymes functioned as controls.
Growth curve
Distilled H,O or WE samples (4 mg/ml) were added to L-broth (pH 7.0) and vortexed. An overnight culture of S. jlexneri SAlOO (200 l_~l) was added, and the optical density was followed at 600 nm. The samples were incubated at 37°C and the optical density was determined at 30 min intervals.
Adherence assay
HeLa cells were pretreated with RPM1 or SAlOO WE and incubated at 37°C for 30 min. The bacterial suspension was washed once with ice cold PBS, resuspended in RPMI, then applied to the HeLa cell monolayers. The plates were incubated for 4 h at 4°C. Non-adhered bacteria were removed by gentle aspiration, and the monolayers were washed once with PBS. The wells were treated with 1 ml of 0.1% Triton X-100 solution, and the plates were gently agitated for 15 min to solubilize the monolayers to release the attached bacteria. Samples were diluted in PBS and cfu determined by plating on L-agar in triplicate.
Virus inhibitor assay
The virus inhibitory activity was quantified by plaque assay [21] . The following viruses were used in our assay: Newcastle disease virus (NDV) or Mengo virus. EMEM (2% FBS, 0.1% Pen-Strep) was added to the VERO and HEp-2 cells. For all assays, SAlOO WE samples and the controls (8316 (UTI-a)
[22], UTI-B [22, 23] , and albumin) were added to the wells and serially diluted. UTI-a and UTI-B are broad spectrum viral inhibitors which have been described previously [22, 23] . The viruses were then applied to the wells. In the treatment assay, the plates were incubated for 1 h at 37°C in a CO, incubator following viral challenge, and the cells were overlaid with 1% methylcellulose (Fisher, Pittsburgh, PA) followed by incubation at 37°C overnight. For the removed assay, the plates were incubated for 30 min at 37°C then decanted to remove free virus, and then overlaid with 1% methylcellulose. Cells were incubated overnight at 37°C and pfu determined after crystal violet staining [21].
Identification of tyrosine phosphorylated proteins
A suspension of 8 X lo5 HeLa cells/ml were pretreated with RPM1 or 2 mg/ml of SAIOO WE for 15 min at 37°C. Washed bacterial cells (1.6 X lo7 cfu) from a mid-logarithmic culture were prepared and added to the HeLa cell suspensions as previously described [13, 20] . Cells were gently mixed and then pelleted by microcentrifugation.
Next, the cells were incubated at 37°C for 5 min. Cells were harvested by microcentrifugation and lysed by boiling in SDSsample buffer for 10 min [24] . Microcentrifugation (13 000 X g, 5 min) clarified the protein extract prior to SDS-PAGE [24] . HeLa cell proteins were transferred to nitrocellulose and blocked in 5% non-fat dry milk in Tris-buffered saline-Tween-20 pH 7.6 (TBS-T) (20 mM Tris, 137 mM NaCl, 0.1% Tween-20) overnight. The membrane was then washed twice for 5 min in TBS-T at 25°C and reacted with monoclonal anti-phophotyrosine antibody (1 pg/ml in TBS-T (PY20, Transduction Labs Inc, Albany, NY)) for 1 h. Membranes were then washed four times as previously described. Anti-mouse IgG horseradish peroxidase-conjugated secondary antibody (Calbiochem, La Jolla, CA) was next used at a concentration of 0.25 p,g/ml in TBS-T for 1 h. Following four washes as described above, a final wash in TBS was performed. Enhanced Chemiluminescence (ECL) Substrate (Amersham, UK) was used as described by the manufacturer to detect tyrosinephosphorylated proteins. 
Densitometric analysis
The appropriate bands on the autoradiographs following enhanced chemiluminescence detection were scanned with a ScanMaster 3 + (Scanalytics, a division of CSPI, Billerica, MA) and quantitated by One-Dscan software (Scanalytics, a division of CSPI, Billerica, MA). Several scans were performed on multiple exposures to ensure film linearity. The data were presented as percent of control values. The range of densitometric: values ranged from 0.51 to 26.86 (data not shown). The data presented were from a representative ekxperiment.
Results
Treatment of HeLa cells with water extracts (WE) from S. jlexneri reduces the number of infected HeLa cells
We investigated whether S. jlexneri WE would alter the number of infected HeLa cells following S. Jlexneri challenge. Initial experiments with WE pretreatment showed a time-dependent inhibition in the number of Shigella-infected HeLa cells. The WE was left on the monolayers during Shigella challenge. As shown in Table 1 , WE added concurrently with Shigella resulted .in a modest 12% inhibition of infected HeLa cells. 'The level of inhibition was shown to increase at 5 min pretreatment (45%) reaching a maximal inhibition at 15 min (66%). Pretreatment times longer than 15 min did not increase inhibition. Addition of the WE to wells did not result in a detectable pH change or loss of viability of the HeLa cells over the course of the assay (data not shown).
To further investigate WE inhibition, HeLa cell monolayers were pretreated with O-10 mg WE per well in 0.5 ml of tissue culture medium for 15 min at 37°C prior to bacterial challenge. These results are shown in Fig. 1 . A do:se-dependent reduction in the number of infected HeLa cells was observed with a -50% reduction observed at 2 mg/well, while -90% inhibition was observed at 3 mg/well. No further reductions were observed when up to 10 mg/well were utilized. The inhibitory activity in WE varied with the preparation, but all exhibited dose-dependent reduction in the number of infected HeLa cells which was saturable at levels above lo-20 mg/well (data not shown). WE were not a Inhibitory titer is the dilution of WE, UTIa, or UTIR required to restore viral plaque counts to that observed in untreated controls. b VERO or HEp-2 cells were treated with SAlOO WE (4 mg/ml) or control (8316 (UTIo), UTI@) followed by viral challenge for 60 min at 37°C. 1% methylcellulose was applied followed by overnight incubation at 37°C. Albumin was used as a negative control and showed no significant inhibitory titer (data not shown). ' For the removed assay, VERO or HEp-2 cells were treated with SAlOO WE or controls as described in b. Virus was added, and the cells were incubated for 30 min at 37°C. Plates were decanted prior to 1% methylcellulose application. Incubation was at 37°C overnight. Albumin was used as a negative control and showed no significant inhibitory titer (data not shown). a RNAse (10 pg/ml) was added to SAlOO WE for 30 mitt at 25°C. DNAse (30 pg/ml) was added to WE for 30 min at 25°C. Glycohydrolases were added to the samples and incubated for 12-14 h at 37°C. then heated to 80°C for 6 min to inactivate the activity. TPCK-treated insoluble trypsin attached to DITC glass beads (200 mg) was added to the WE and incubated for 6 h at 37°C. Treated WE (4 mg/ml) were applied to HeLa cells for 15 mitt at 37°C prior to and during S. flexneri challenge. Results are from triplicate wells and are representative of three experiments.
effective at reducing the number of infected HeLa cells if removed from the monolayers prior to bacterial challenge. Pretreatment of monolayers followed by removal of the WE before bacterial challenge resulted in no inhibitory activity while WE left on the monolayers during the challenge period resulted in a 81% reduction in infected HeLa cells (Table 1) . Also, inhibitory activity was not observed if Shigella LPS was used to treat monolayers. Shigella WE showed little or no inhibitory activity against NDV or Mengovirus in an in vitro assay (Table 2 ).
Enzymatic stability of the inhibitory activity of S. jl'exneri WE
To further characterize the inhibitory activity of WE, the WE were assessed for stability to a number of degradative enzymes. As seen in Table 3 , treatment of WE with RNase, DNase, or glycohydrolases did not significantly reduce the inhibitory activity of the WE. However, treatment of WE with trypsin immobilized on glass beads virtually abrogated the inhibitory activity of the WE. These experiments demonstrated that a polymeric nucleic acid or carbohydrate was not required for the inhibitory activity, and that the inhibitory activity was associated with a protein component.
WE does not inhibit Shigella growth or adherence to HeLa cells
It is possible that the reduction in the number of infected HeLa cells results from an inhibitory effect of the WE directly on Shigella growth or via a reduction in the efficiency of S. jlexneri binding to cell monolayers. To address the possibility of direct action on the bacterium, we investigated the capacity of WE to inhibit the growth of S. jlexneri. WE at 4 mg/ml was added to L-broth inoculated with S. jlexneri. Controls received the same volume of distilled water. The optical densities of the cultures were recorded at 30 min intervals during the 6 h incubation at 37°C. As observed in Fig. 2 , the WE had no effect on the growth of S. JZexneri.
The effect of WE on Shigella adherence to HeLa cells was also determined. As shown in Fig. 3 , WE treatment did not lead to alterations in the ability of Shigellu to bind to the monolayers as determined by the recovery of Shigellu from monolayers following incubation at 4°C. Additional experiments using 35S-labeled bacteria also showed little effect of WE on the ability of Shigella to adhere to monolayers (data not shown).
Inhibitory activity of WE is not the product of a 140-MDa plasmid-enc<oded gene
We next investigated whether the inhibitory activity of WE originated from a 140-MDa plasmid gene. WE were prepared from strains harboring TnPhoA insertions in 140-MDa virulence-related genes (ipa& ipaC, icsA) and a plasmidless strain, BS176 [18] . As shown in Table 4 , WE from all TnPhoA strains reduced the number of infected HeLa cells to approximately the same level as that observed for the virulent parental strain, SAlOO. In addition, WE from the plasmidless BS176 strain also showed inhibitory activity of approximately equivalent potency. These results suggested that the inhibitory activity in Shigella WE was not dependent on genes encoded on the 140~MDa plasmid.
SAZOO WE induces tyrosine phosphorylation of HeLa cell proteins
Shigellu challenge of HeLa cells has been shown to result in the phosphorylation of HeLa cell proteins on tyrosine [13, 14] and may constitute one of the initial events which leads to bacterial entry and new host cell gene expression. Since WE inhibited S. jlexneri invasion of HeLa cells, we investigated whether WE could also induce tyrosine phosphorylation and/or inhibit SAlOO-induced alterations. Extracts were prepared from cells challenged with WE, cultures of S. jlexneri SAlOO, or left untreated. Proteins were separated by SDS-PAGE and analyzed by immunoblotting with a phosphotyrosine-specific monoclonal antibody (PY20). This is shown in Fig. 4 along with a densitometric analysis to quantitate the amounts of the indicated protein bands. In comparison to the protein bands observed in unchallenged HeLa cells, a significant increase in the phosphorylation of u 78-80-kDa protein doublet (4.1), 84-kDa (10.6), 90-kDa (1.4), and a 102~kDa doublet protein (7.9) was observed from extracts of Shigella-challenged HeLa cells @AlOO). Increases in the tyrosine phosphorylation of these proteins following Shigella Fig . 4 . SAlOO WE induces changes in HeLa cell phosphotyrosine-containing proteins. HeLa cells in suspension were untreated, treated with SAlOO WE (2 mg), or challenged with S. jlexneri SAlOO for 5 min. Also, HeLa cells were pretreated with SAlOO WE then challenged with S. flexneri for 5 min. Equal amounts of phosphotyrosine containing proteins were immunoblotted as previously described. Following immunoblotting, protein bands were visualized using chemiluminescence.
Protein bands showing an increase in tyrosine phosphorylation are indicated by arrowheads, and the molecular weights are marked in kDa on the right. Densitometric values scanned from the various bands are shown below and recorded as optical densities (density per unit area). Results are representative of three experiments.
challenge have been reported previously [13] . Extracts from WE-treated cells also exhibited increases over control-treated cells for these tyrosine phosphorylated proteins. Increases in the 78-80-kDa, 84-kDa, 10ZkDa doublet bands, however, were consistently less than that observed following challenge with SAlOO. The 80-kDa band was only slightly induced (1.4 X over control) by WE, while the 7%kDa band was not observed. The 78-SO&Da doublet band showed a N 3 X higher intensity for SAlOO-treated samples versus WE-treated samples. The absence of the 7%kDa band probably accounted for some of this difference. The intensities of the 102~kDa and 84-kDa bands were N 2 X higher for the SAlOO compared to the WE-treated samples. In contrast, the 90-kDa band showed a similar intensity for both WE-and SAlOO-treated groups (1.9 X vs. 1.4 X 1. These results demonstrated that WE alone could induce the tyrosine phosphorylation of HeLa cell proteins. However, these data also demonstrated that, while a similar profile of tyrosine phosphorylated bands was induced, the intensity of the phosphotylated proteins induced by WE was distinct from that observed from SAlOO.
Additionally, we considered whether treatment with WE altered the phosphorylation of HeLa cell proteins induced by SAlOO. As shown in Fig. 4 , all four phosphorylated proteins were observed following concurrent challenge with SAlOO and WE. Increases in the 84-kDa and 90-kDa bands were additive over that observed for SAlOO and WE treatment alone. The 102~kDa and 80-kDa doublet bands were at similar levels to that observed following SAlOO challenge alone. It should be noted that phosphorylation changes induced by WE occurred with similar kinetics to that induced by the intact bacteria. These results may suggest that treatment of HeLa cells with WE may lead to alterations in HeLa cell signaling which may contribute to the inhibition of bacterial invasion.
WE from other enteric bacteria reduce the number of infected cells following S. jlexneri challenge
We next investigated whether pretreatment of HeLa cell monolayers with WE prepared from other Gram-negative enteric bacteria also inhibited S. fiexneri invasion. Using the same protocol, WE were prepared from an avirulent E. coli strain and virulence-attenuated S. typhimurium and Y. enterocolitica. WE from all strains showed comparable potency in inhibiting the infection of HeLa cells by S. jlexneri (Table 5 ). These results suggested that the inhibitory component might be a common component present on the surface of Gram-negative enteric bacteria. 
Discussion
from subversion or modification of these events.
In this study, we have shown that treatment of monolayers with water extracts (WE) from S. jlexneri inhibits bacterial entry into host cells. The inhibitory activity was shown not to be mediated by LPS or other carbohydrate or nucleic acid containing materials but rather had a proteinaceous component as WE treated with trypsin wasi greatly reduced in inhibitory activity. The relatively high levels of WE required for inhibitory activity may reflect the low concentrations of the active protein component in the extracts. Alternatively, the active component may be partially destroyed during the demanding multi-step preparation of WE.
The mechanism by which WE inhibited the invasion of HeLa cells was not due to a reduction in the growth of the bacterium or loss of adherence of the bacterium to the monolayers. Interestingly, inhibition increased with pretreatment times and required the continued presence of WE. These data suggest a requirement that host cells respond to the WE treatment and possibly indicate a short 'half-life' of the inhibitor or its action. Further, this inhibition did not extend to the HeLa cells challenged with Mengo virus. This indicates that receptor-mediated viral entry is unaffected by WE treatment. Analogously, infection with NDV, which proceeds via fusion of the viral envelope with the cell membrane, is also not altered by WE treatment. Therefore, inhibition does not appear to be lthe result of generalized host cell membrane alterations.
It is clear that elements of the cellular signaling pathway are induced as a consequence of bacterial challenge of epithelial cells. S. jlexneri challenge of HeLa cells alters the activity of a number of transcription factors including NF-KB [12] . We and others have shown that S. jlexneri induces tyrosine phosphorylation of HeLa cell proteins following challenge [ 13,141. In the experiments described above, we showed that WE treatment of HeLa cells induces tyrosine phosphorylation of proteins with similar kinetics as observed with intact bacteria. These results complemented our earlier studies in which we demonstrated that Shigella invasion was not prerequisite for bacterially induced alterations in host cell tyrosine phosphorylated proteins. However, changes in the intensity and profile of these proteins may indicate a disruption of the normal host cell signaling induced by S. flexneri. It is possible that inhibition of S. flexneri invasion of HeLa cells by WE may arise from this aberrant or incomplete signaling at the membrane. Optimal inhibition of invasion by WE requires a 15 min pretreatment, suggesting that downstream host cell events which are a consequence of tyrosine phosphorylation, are required to abrogate bacterial invasion.
It is well established that the interaction of S. flexneri with epithelial cells leads to significant changes at the surface of these cells. Actin polymerization and myosin accumulation at the point of bacterial contact have been demonstrated [4] . These actin filaments, in association with plastin are in high concentrations in the membrane ruffles which accumulate and eventually engulf the invading bacterium [25] . Dehio et al. [14] have shown Shigellu-stimulated tyrosine phosphorylation of cortactin by pp60"~"'". Cortactin phosphorylation is believed to be involved in the observed membrane ruffling. However, the mechanism by which Shigellu induces these changes and how these changes result in bacterial uptake remains unknown. It is possible that WE inhibition of ShigeZZa infection of HeLa cells results Studies have demonstrated that water extraction of S. Jlexneri leads to the release of a number of highly immunogenic polypeptides which are encoded on the large 140-MDa non-conjugative plasmid [15] . These proteins include the IpaB, IpaC, and IpaD proteins as well as IcsA [15] . IpaB and IpaC have been shown to be required for the entry of ShigeZZa into epithelial cells and for the lysis of the phagosoma1 vesicle [8, 9] . A role for IpaBCD in the induction of host cell signaling induced by the bacteria has yet to be determined. However, ipaB and @UC strains of S. jlexneri failed to induce NF-KB DNA binding activity [12] but weakly induced changes in tyrosine phosphorylation of host cell proteins [ 131. In this study, we showed that WE from a plasmidless strain and ipuB and ipaC strains effectively inhibited ShigeZZu infection of HeLa cells. In addition, WE from an avirulent E. coli strain, and other Gramnegative enteric pathogens were also able to inhibit ShigeZZu infection of HeLa cells. These data may suggest that the source of the inhibition is not related to virulence products unique to ShigeZZa and further appears to involve a common extractable component of these Gram-negative bacteria. However, these studies demonstrated that soluble surface proteins could modulate host cell responses which may lead to the inhibition of bacterial entry into treated cells. Induced changes in tyrosine phosphorylation by ShigelZu cell surface proteins appear to be an early host cell event which may initiate a signaling cascade which is exploited by the bacterium to facilitate its entry into the host cell. Identification of the component (s) of the water extract that stimulate changes in host cell tyrosine phosphorylation and/or inhibit bacterial entry is currently under investigation.
